In this research, we compared and analyzed the anti-oxidant activity of ten medicinal plants using an oriental medicine and a folk remedy. Among them, the extracts from Oenothera odorata had the highest anti-oxidant effect. The extracts from the root, stem and flower of O. odorata were tested by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity test, 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT) cell viability assay, and lactate dehydrogenase (LDH) cytotoxicity assay. Stem and flower extracts of O. odorata were similar to the activity of quercetin, one of the most anti-oxidants in DPPH radical scavenging activity test, and the root extracts showed a weak DPPH radical scavenging activity. In MTT cell viability assay, the extracts from the flower, stem, and root were resistant against hydrogen peroxide (H 2 O 2 ) treatment in order. The extracts from the root, stem and flower showed higher cell protection effect than those from quercetin against LDH cytotoxicity. And β-sitosterol from the extracts of stem was isolated. These results suggest that the extracts from the flower, stem, and root of O. odorata might be a source of anti-oxidants.
INTRODUCTION
Reactive oxygen species (ROS) such as superoxide anion (O 2 ), hydroxy radical (-OH), hydrogen peroxide (H 2 O 2 ) are produced as a result of mitochondria metabolism and immunization to external factors. ROS protects the body from pathogens by its strong sterilizing action (Chance et al., 1979) . Human and animal bodies have self-protecting systems from damages such as ROS toxicity. Internal anti-oxidant enzymes such as superoxide dismutase (SOD), catalase, glutathione peroxidase (GPX), and anti-oxidant components such as glutathione are known for deleting ROS produced in tissues (Evans *Corresponding author. E-mail: kschang@cup.ac.kr. Tel/Fax: +82(051) 5100565. and Halliwell, 2001) . When these internal protecting systems in our bodies have problems or exceed their ability, it causes oxidative stress (Arteel et al., 2000) associated with modern diseases like cancer by nucleic acid transformation, arteriosclerosis by physiological depres-sion, diabetes, cerebral apoplexy, nephritis, atopies and aging (Halliwell and Gutteridge, 1989; Halliwell and Aruoma, 1991; Kanno et al., 2003; Kuroki et al., 2003) .
Since various adult diseases are increased by oxidative stress, compounds that able to scavenge ROS, inhibit hyper-oxidant production and stimulate anti-oxidant enzyme are being actively developed. Mainly, vitamin C, vitamin E, carotene and polyphenols are known as antioxidants. These have fewer side effects and reduced cost because they are extracted from natural materials that are not synthesized components. Recently, many researches have been done to obtain anti-oxidants from natural materials. Some plants are already found having antioxidative effects such as see weeds, mushrooms, herbs and fruits. They contain much polyphenol groups like phloroglucinol and quercetin (Sung et al., 2000; Shin and Ihm, 2008; Kim and Chang, 2006; Yun et al., 2009; Park et al., 2005; Zia-Ul-Haq et al., 2008 , 2011 a, b, 2012 .
The evening primrose (Oenothera odorata) is an annual plant that belongs to Onagraceae. They are classified into Oenothera biennis, Oenothera erythrosepala, Oenothera odorata and Oenothera laciniata. It is useful in treating fever and antiinflammation. The root is used in the treatment of sore throat and dermatitis, while the seed oil is effective in diabetes, high blood pressure and obesity. It is also applied to hyperlipidemia because it inhibits accumulation of lipid components like cholesterol. Especially, studies of the seed oil are progressing (Pellegrina et al., 2005; Senapati et al., 2008; Chenoy et al., 1994; Cameron et al., 1993) .
Recently, anti-oxidants from natural materials are being researched actively. In this study, we extracted natural material from medicinal plants and researched their antioxidant effect. Particularly, we used the extracts from the root, stem and flower of O. odorata which is discovered to contain high anti-oxidant activity. These materials were assayed for their 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities. After we treated the extracts to liver cell producing anti-oxidant enzyme, we confirmed cyto-protective effect from oxidative stress by hydrogen peroxide (H 2 O 2 ) on concentration and on time. The extracts from the root, stem and flower of O. odorata are therefore useful in developing natural anti-oxidant drug.
MATERIALS AND METHODS

Extraction and isolation from medicinal plants
The ten medical plants cultivated by good agricultural practice (GAP) method of rural development area (RDA) were harvested at 2009 in Eumseong (GPS: E 128° 62´ N 36° 56´). The plan ts were extracted with methanol (MtOH) three times at room temperature (each time for 3 days). The combined MtOH extracts were then concentrated in vacuo at 40°C, respectively. Dried root extract of O. odorata was dissolved to be 1% in dimethyl sulfoxide (DMSO) and extracts of stem and flower was dissolved respectively to be 1% in MtOH. Other extracts were also dissolved to be 1% in MtOH or DMSO and used as test material. Quercetin (Sigma, USA), a known antioxidant, was dissolved to be 1% in MtOH. It was used as positive control (Table 1) .
DPPH radical scavenging activities
1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging test was performed using the method of Lee et al. (2003) . The extracts from various medical plants were diluted to 0, 0.001, 0.01, 0.05, 0.1 and 0.2% concentrations in each solvent. In brief, 200 µM DPPH (Aldrich) was dissolved in ethanol and 190 µL was added to 10 µL of sample. After reacting at 37°C for 30 min, they are measured at an absorbance of 550 nm in the spectrophotometer.
Cell culture and cell treatment
Human hepatoma cell lines (Huh7) were used to study cytoprotective effect of the extracts from medical plants against oxidative stress by H2O2. Huh7 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) containing a 10% fetal bovine serum (FBS), 1% non-essential amino acids, 1% penicillin and streptomycin for proliferation at 37°C and 5% CO 2.
Thiazolyl blue tetrazolium bromide (MTT) cell viability assay
We carried out the thiazolyl blue tetrazolium bromide (MTT) cell viability assay in Huh7 to determine anti-oxidant activity of natural extracts using test materials, which are effective to DPPH radical scavenging ability. In brief, 1×10 5 /ml cells were put into each well and incubated for 24 h. The test materials were diluted to 0, 0.001, 0.01, 0.05, 0.1 and 0.2% final concentrations in DMEM. Then we added them into each well. After 48 h, 10 mM H2O2 was added for inducing oxidative stress in the treated group for 2 h. Next, 20 µL of 5mg/ml MTT solution (Amresco) was added and incubated more than 2 h at 37°C. Then we carefully removed the mediu m and added 200 µL DMSO per well to stop the reaction. After mixing for 5 min, we measured absorbance at 560 nm wavelength by Microplate ELISA reader. To investigate the hourly effects of extracts, extracts were diluted to be 0.05% final concentration in DMEM and then reacted for 0, 24 and 48 h after treatment.
LDH (Lactate dehydrogenase) cytotoxicity assay
We carried out the LDH cytotoxicity assay in Huh7 to determine cyto-protective effect by anti-oxidant activity of natural extracts. 1X10 5 /ml cells let in each well and incubated for 24 hours. Materials were diluted to 0, 0.001, 0.01, 0.05, 0.1 and 0.2% final concentrations in DMEM. Then they were added in each well. After 48 h, 10 mM H2O2 was added for inducing oxidative stress in the treated group for 2 h. Afterward, the 10 µL medium supernatant and 90 µL LDH substrate solution (LDH-cytotoxicity Assay kit II, BioVision) was reacted at room temperature for 30 min. To stop the reaction, a stop solution (1 M acetic acid) was added by 10 µL. Then, we measured absorbance at 560 nm wavelength by microplate ELISA reader. To investigate the hourly effects of materials, materials were diluted to 0.05% final concentration in DMEM and then reacted for 0, 24 and 48 h after treatment.
Extraction and isolation
O. odorata (voucher no. OLS001001), which was a genetic resource of RDA, was harvested and collected at Eumseong (GPS: E 127° 45 ′ N 36° 56 ′) in Korea. The stem (ca. 2.3 kg) was extracted five times with 99% ethanol (EtOH, 2L) at room temperature for 24 h. The EtOH extracts were combined and concentrated under reduced pressures. The concentrated extracts (55.4 g) were successively separated on silica gel column chromatography (CC, Wakogel C-200) with developing solvents of n-hexane, nhexane/ethyl acetate (EtOAC) (HEA; 20:1, 10:1, 4:1, 2:1, 1:1, v/v), EtOAc, and EtOH, successively. By monitoring with thin layer chromatography (TLC) using the developing solvent (SGIII), the extractives were separated into 28 fractions. Crude β-sitosteol (I) was obtained from fractions Fr3 using a silica gel column (Wakogel C-200) with HEA (20:1. v/v) solvent. Finally, the purified β-sitosteol (I) (52 mg) was isolated. Compound I (β-sitosteol) was isolated as white powder. The NMR spectra were measured on a Varian FT-NMR 500MHz using deuterated chloroform (CDCl3) as solvents and tetramethylsilane (TMS) as an internal standard. The 13C-NMR Spectral data were; 37. 
RESULTS AND DISCUSSION
High DPPH radical scavenging activities of the extracts from O. odorata
We identified the anti-oxidant effect of the extracts from ten medical plants by measuring their DPPH radical scavenging activities. According to the result of screening test of various medicinal plants, Cec-2, Cec-3, Cii-1 and Brc-1 did have not anti-oxidant effect. Although the flower extract of Celosia cristata (Yellow) has a little effective, it was so weak. The effect was greater in the extracts of O. odorata (Table 2 ). So we tested parts of O. odorata exactly. The result of DPPH radical scavenging activity confirmed the effectiveness of the roots, stem and flowers of O. odorata. At the 0.01% concentration, extract of the root showed similar DPPH scavenging activity to quercetin and higher radical scavenging activity than stem and flower extract. However, at the 0.1% concentration, the stem and flower extracts showed similar DPPH scavenging activity to that of quercetin and higher radical scavenging activity than the root extracts. And their effect had higher EC 50 at 0.1% (Figure 1) . Root extract at low concentrations and the stem and flower extract at high concentrations represented a high antioxidant effect.
Increase of cell viability by the extracts from O. odorata
To determine anti-oxidant activity of natural extracts, we carried out the MTT cell viability assay in liver cell. To investigate anti-oxidant activity depending on concentrations, we diluted the extracts from O. odorata and treated cells. We confirmed the viability of the liver cell by H 2 O 2 treatment. The root extract was effective at 0.1% in DPPH scavenging activity, although no noticeable effect observed. However, the cyto-protective effect of stem and flower extract was increased in order to concentrations. In particular, flower extract at the 0.1% concentration showed significant effects and the 0.05% concentration mostly showed a large effect. So there was similar or greater effects than the positive control group, quercetin. Stem extracts display lower effect than quercetin. But the pattern of increase is similar to quercetin (Figure 2 ). These results indicate that flower extract of the O. odorata is the most anti-oxidant effect on oxidative stress in cells. The anti-oxidant effect depending on the time, however, did not show remarkable effectiveness.
Decrease of LDH cytotoxicity by the extracts from O. odorata in dose dependant manner
This study confirmed the cyto-protective effect by H 2 O 2 treatment. Root, stem and flower extracts showed a protective effect at the 0.01% concentration. Stem and flower extract is EC 50 and root extract goes over EC 50 at 0.01%. And the higher a concentration, root and stem extracts increased the protective effect. However, quercetin and flower extracts did not have cyto-protective effect but had a lower protecting effect than root and stem extracts (Figure 3 ). These results indicate that roots and stem extracts are the most protective effect. 
Decrease of LDH cytotoxicity by the extracts from O. odorata in time-dependent manner
To determine the cyto-protective effect of the extracts from O. odorata in time-dependent manner, the 0.05% extracts were treated at 24-, 48-and 72-h interval. Roots and stem cell extracts showed protective effects for 24 h like the untreated H 2 O 2 group. Flower extracts showed a slight protective effect for 24 h. In general, all the treatment groups showed the highest cyto-protective effects for 48 h and a similar protective effect rate for 72 h. Quercetin, which is an anti-oxidant, protected the cell from damage for 24 h and showed similar cyto-protective effects independent on time ( Figure 4 ). These results indicated that quercetin, which is one of anti-oxidant materials, has a cyto-protective effect depending on the concentration and not on the time. Moreover, O. odorata extracts contain anti-oxidant material and other substances like growth factors; so it has a high protective effect rather than anti-oxidants alone.
Structure of compound I
Compound I was isolated from the Fr3 of stem extracts. The compound I(β-sitosterol) was identified in comparison with field desorption mass spectrometry (FD-MS), electron-impact ionization MS (EI-MS), and proton nuclear magnetic resonance ( 1 H-NMR), respectively, along with carbon nuclear magnetic resonance ( NMR) spectral data previously published (Zhang et al., 2005) (Figure 5 ).
DISCUSSION
In this study, the stem and flower extracts have antioxidant effects. Particularly, flower extract had the greatest effect. Usually O. odorata was only used root or seed oil. But flower has the most anti-oxidant effect. In the future, we hope to study the chemical structure of O. odorata flower whether it contains a polyphenol group or not. We also hope to check the anti-oxidant effect of detail sections in O. odorata flower, and through vivo test, determine the anti-oxidant enzyme (superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (Gpx) and glutathione reductase (Gred) (Baynes and Thorpe, 1999) ) activities and MDA (malondialdehyde) generation in liver cell. By checking their activity, we will be able to confirm the influence of anti-oxidant enzyme. For example, the biennial flower of Panax notoginseng has more anti-oxidant effect than other fractions of P. notoginseng. And a saponin of P. notoginseng promotes neural function . Chestnut flower extract has a phenolic and flavonoid contents. So it has antioxidant effect and it decreases melanin and tyrosinase activity (Sapkota et al., 2010) . Jasminum lanceolarium are also known as having anti-inflammation and an antioxidant effect (Sun et al., 2007) . Other medicinal plants have been known to possess anti-oxidant effect traditionally, although without scientific evidences. Basically, the roots of such plants are commonly used. There is need to confirm these effects of medicinal plants exactly, especially effects of stems and flower extracts.
Oxidative stress causes several diseases. We can anticipate that anti-oxidants are effective against kinds of diseases. So the study about multi-function of antioxidants is proceeding. Terminalia chebula has been reported to possess effective anti-oxidative, anti-cancer, anti-diabetic, anti-mutagenic, anti-bacterial, anti-fungal and anti-viral activity (Cheng et al., 2003) . Phloroglucinol is known as anti-oxidant, and it has wide range of biological activities in anti-cancer, anti-depressant, antimicrobial, anti-protozoal, anti-spasmodic, anti-viral and anti-inflammation. It is used in cosmetics, textiles, paints, dyeing industries as well as in biological activities (Singh et al., 2009; Crockett et al., 2008) . The O. odorata extract is also known to possess anti-oxidant activity as well as anti-inflammatory, anti-cancer, anti-fungal, anti-bacterial, anti-viral, anti-allergy and nerve regeneration activities. The crude extract from flower of O. odorata has a similar anti-oxidation effect compared to that of quercetin, a representative commercial anti-oxidant which is composed of one compound. In the future, we hope to work on the separation and purification of the extracts from each parts of O. odorata for discovery of useful pure Shin et al. 4623 material. So far, though epicatechin, caffeic acid and vitamin E as well as quercetin have been used as antioxidants (Mahakunakorn et al., 2004) ; the extracts from each of O. odorata might be more cheap, effective and powerful anti-oxidants. Thus far, we studied 10 kinds of medicinal plants. Other medicinal plants are expected to have an anti-oxidant effect. Hence, recommend the study of the anti-oxidant effect of medicinal plants so as to ascertain their multi-functions.
Conclusion
In this study, we compared and analyzed the anti-oxidant activity of ten medicinal plants. Among them, the extracts from O. odorata had the highest anti-oxidant effect. The stem and flower extracts of O. odorata were similar to the activity of quercetin, one of the most anti-oxidants, in DPPH radical scavenging activity test, while the root extracts showed a weak DPPH radical scavenging activity. In MTT cell viability assay, the extracts from the flower, stem, and root were resistant against H 2 O 2 treatment in order. The extracts from the root, stem and flower also showed higher cell protection effect than those from quercetin against LDH cytotoxicity. β-sitosterol from stem extracts, which also showed the highest antioxidant effect, was isolated. Further studies are in progress for isolation and chemical structure elucidation of the highest anti-oxidant compound.
